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PHYSICAL PROPERTIES 'OF 'SHOE UPPER MATERIALS AND THFIR
EFFECT ON!FOOTWEAR COMFORT* "

P. L. Mutsiag, N, RAMANATHAN AND'Y. NAYUDAMMA
Central Letther Research Institute Madris<20
ABSTRACT

A comparative study of full chrome retanned and semzchrome leathers with
synthetics is made.  Various physical propertiés such as water- ‘absorption,
. water penetration, water vapour permeabzlzty, eﬁ'ect qf wetting and drymg,

'rate of dryzng, reszstanc

parer fy and reszstance to hedt and coId of
the upper materuzls aré measured. The results obtamed are discussed from
the points of view of comfort.

The properties of footwear materials which contrlbute the wearer's comfort is a

bie ' ork has been done on this very import-
ant’ subjéct ‘of ‘foot comfort. Obv1ously'foot comfort depends on the absence of
pam‘ﬁll pres#ures anywhere ot ‘the L k warm in cold weather and
cool in hot weatheér. ~ Comfott ifi footwear coficerns ‘with' the phys1010gy of the foot,
environmental conditions and the physical properties of the materials used. This
study mainly concerns with the physical properties of upper materials. The import-
ant properties of uppers which will influence the comfort of the footwear.are :
(1) water vapovr permeablhty, Moisture abs y‘on and desorpuon, 3) Area

- stability, (4) Effect of" wettmg ‘and drymg, (5) rate f drymg, (6) water absorptlon,
(7) water pénetratlon, (8) water 'vapour absorptlon 9) p¢ prratlon resistance, (10)
hghtneus, (11) Flex1br11ty, (12) Plastxcrt of leathe » ( ile strength (14) Elonga-
tion,’ (15) 'Stitch ‘téar strength, (16)‘ Resistance to cold and*(17) Resrstance to heat.
Hence these properties of the various materials were measured and the resvlis
obtained are discussed from the points of view of comfort.

Experimental Procedure

‘week at 659 2% relative humidity and

VNI § saiiples were’ ‘conditioned for a
80 i4°F temperature and then tested.

*Full’ chrosie; chrome retannéd and ‘semi-chrome leathers and synthetics ‘were
used. All the leather samples were obtained from the butt portion.

For finding out the water absorption, Kubelka’s apparatus* was used. The
method suggested by Mitton? and approved by the physical Testing, Commission
of Internatlonal Unlon of Leat o' Chemlstss Was used for determrmng ‘the water

]

*Pdper presented it the ILTA Sympoﬁum,zAgra, 1 968."
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The percentage water:vapour } iWeight-at 1009 r.h.-—weight at 0% r:h:
absorption:after 24 hours:: weight at 0% T.h: X 100

Perspiration Resistance

The samples were subjected to treatment with artificial perspiration and the
crackmg observed ‘after bendmg the’ matenal through 180 degrees (KK L-311a method
32112

Lightness

Samples- of ‘thé ‘same’ size were cut from the same location on the side ‘and
welghed

Resistance ‘to” Cold'

. This method is ot use in determining the resistance of leather to cracking on be-

" ing bent at low temperatures. The specimen (a rectangle of leather 2 ‘inch in length

‘and 1 inch in width) was placed in a cold chamber (-20°C) for 2 hours. While re-

maining in'thé cold chamber at ‘the specified temperature, the - ‘specimen was folded

cross-wise sharply ‘on. itself with ‘the grain side of the ‘leather- out.  The folded
specimen 'was ¢xamined for any erack'in the area around the bend:

Resistance ‘to'Heat

This method is of use in determining the effect of elevated: temperatures on -
leather under normal atmospheric pressure and controlled humidity. The leather
(test specimen) was heated for 45 minutes in an oven mhaintained:at 150:4£3°C., - “The
leather was heated dry. Immediately after removal from the ovea the samples were
tested for-cracking.

Results and- Discussion
Water vapour 'permeability

As a general purpose upper material should have hlgh water vapour permeability.
This property was measured fot various upper materials;” “The results  are- given'in
Table 1. It is seen that for:the synthetic substitute uppers the value'is low. ‘Full
chrome uppers exhibit the highest value. - The enormous surface area of the fibres
in leather enables it to take up water vapour rapidly and to-convey it to the outside
air. The transmission of water vapour is favoured because it is transmitted by and
through the substance of the leather fibres themselves. The greatest:water vapour
permeability of chrome leather is due to its greatest surface area. Previous studies?®,!4
‘proved that 1mpermeable ‘uppersi lead ‘to increased. sweat retentlon in the boots and
socks.  Kennedy et al'3 observed: that the sweat or water Vapour absorptlon capaci-
tion of the boots withi the Melovin-uppers were exceeded on inany test'days, giving



semi-chrome and chrome retanned leathers: This may be due to the difference in the
nature of the tanning, thickness and porosity of the samples. The rate of drying
of synthetics is very péor:isThe resetvoircapacity:of thé samples is in the reverse
-order.. The rate-of evaporation-decreases with time and would thus seem-to-depend
on:the.quantity.of watér-contained:in the samples. As the shoes are likely toibecome
wet especially:in winter:season; orvisthe cold countries, the rate of drying of upper
-materials -assumes great- importance. '

Water: Absorption, Water Penetration and Water Vapoui Absorption:

Funeuonal footwear is expected to fkeep the feet dry by,resmtmg the moisture
froni,‘the;outSIde, and by absorblng mmsture from p 1side and
allowing the same to evaporate.”Shoes that : obvious-
ly rot aqd det{erlorate quicker than the water resistan . ‘Hence the pper ‘mate-
rials were tested for these properties and the results are glven in Tabl '
show, frOI;n the point of view of the properties of water ‘absorption, v

and watelixvapour absorptlon, whlch properties may be expected

t1me‘ab§sqrbs water vap,o rtoa falr extent. Howe:er ﬁ‘ the ambiént conditions are
ery 3 et the 1 ereased _ater absorptlon of ’fu e compared to semi-chrome

mym, Wate; resistance, their water yapour Dermeablhtv “absorption

characterlstxcs are very poor.
Perspiration Reésistance

Chrome retan has poor resistance to perspiration whereas the semi-chrome ‘and
the syntheticsthave the:maximush resistance to perspiration.;! The: perspiration resis-

tance of chrome wpperis.poor. #So semi-chrome upper leathers:can bé used for a
comfortable footwear.

Lightness

Althoughiwe are provided:with many strong muscles, the muscles:which lift
the foot. and lower legiin walking are relatively weaki and. anyextra weight which is
iplaced:on theifeet becomés a burden. It has been estimated thatiione: polnd-extra
weight: on thefeet is equivalent t6 ten pounds extra on the back. | Hence!the weight
per:unit:area 6fvariousimaterials'Were measured and:-thelresults aresgiven in Table 1.
Comparing full chirome;senii-chrome’and chrome retanned leathérs, chrome retanined
leather is: heavier than.the>other.iThe synthetics are having:the :lowest: weight.
The values for the apparent density also confirms this.

Flexibility

Flexibility::of uppers im’-ﬁen;iaimpprtasntftdis shoe: ¢omfort: ‘Hence this; property
was measured and the results are given’in Table:1. ;iFheresults showed that the syn-



Plasticity;,

An upper leather must meet the stringent mechanical requirements of the “last-
ing’’progess.  Lasting is; perhaps the Key protessiinishoesmaking sice it is 4t this
stage that the shape of the shoe is imposed on the materials fromthich it is wnade.
Ideally, a material for shoe upper should be capable of being made to conform to the
last in a few sgngds,sof retam@g 5];1113 shape on-removal of the last<teven afteribeifig
worn and yet still making minor adaptatrons of shape to fit the foot of the individual

wearer whilg; standing iﬂtJ,\}l,ﬁlrkmg? - Theiplasticity iofothéfullschrdhié. ivanor! thin
that of semi-chrome and chrome retan and synthetics(hiave low pétchbnt set.

Tensile, Strength,, Elongation jand ;Stiteh Tear::

These properties were measured and the results are given in Table 1. The re-
sults, given, i the table;show thatthe synthetics tipper’ Havel lowet < stréngth! The
stretchiness in synthetic materials is generally higherithan in:ithe lleather :saiples.
Among leathers chrome leather is having higher strength and higher elongation.
Resistance to Cold and Heat

Ifthe upper material;is having poor res;istan‘de torceld;litimay becoine hatd and
thus will, affegt theicomfort.;/ 1 Bimilarly, if the(uppers arel having a pobr resistante to
heat, it may be become soft and affectthe comfort: . Hende/this wasistudied and the
results are given in Table 1. 'Chrome and semi-chrome leathers are having a good
resistance to heat;and icold. The syntheticsibecorie. stiffiat cold. témperaturé! and
more flexible at hot temperatures.
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